During the past few years, many researchers have demonstrated the importance of the agerelated changes in spontaneous electroencephalography. However, very little research on of the event-related responses of oscillations connections has been used to examine the changes during normal aging. The aim of the present study was to investigate age-related changes of task-related brain oscillations, which include spectral power and omega-complexity. We hypothesized that the power and omega-complexity of the brain are affected by age-related changes, which could be observed in this study. The samples included young and healthy elderly groups. Compared to young participants, elderly participants were found to have increased power in anterior area and decreased power in posterior area, and have shown a decreased power in the alpha-1 (7 -10 Hz) and alpha-2 (10 -13 Hz) bands and an increased power in the delta (1 -4 Hz) band. Elderly participants were found to have increased omega-complexity in the anterior and posterior brain areas, and have shown an increased omega-complexity in the alpha-2, beta-1 (13 -18 Hz), and beta-2 (18 -30 Hz) bands. The findings in this study suggest that power and omega-complexity changes in task-specific neural activity may potentially be used to assess age-related decline in the brain.
INTRODUCTION
During the past years, numerous studies have demonstrated the importance of the spatial synchronization of the oscillators in spontaneous electroencephalography (EEG) [1, 2] . A previous study of spontaneous EEG, using spectral power analysis, found the delta, alpha-1, and alpha-2 bands to be higher in young people than in healthy aging people [1] . Another study reported that omega-complexity values were higher in healthy aging people than in young people [3] . However, these studies have mainly depended on spontaneous EEG studies of different parts of the brain while their participants were recorded with eyes closed and eyes opened resting state conditions. The earlier study of spontaneous brain oscillatory activity in a resting state has provided useful information for aging-related research, yet a more comprehensive explanation of real life evocation of brain oscillations is needed in event-related potential (ERPs) studies. One of the main focuses of previous EEG and ERP studies lies on pathological oscillatory communication [4] , which showed that greater attention is being paid to evoke oscillatory activity in the brain while performing cognitive tasks for assessing disease-related neurophysiologic change. Hence, this study focuses on task-related brain oscillations to investigate the age-related features in healthy aging people.
Previous studies have also demonstrated that analysis of neuronal oscillations can help in understanding the synchronized activity of neural connectivity [2] . In the last decades, measurement of spontaneous EEG in normal aging has demonstrated that alpha power reduction was significant at each electrode but was most prominent at the parietal site [5] . However, it is not easy to show the complex connections and oscillations of brain signals only by spontaneous EEG analysis. Then, to highlight the spatial reorganization of the oscillatory activity in the presence of simple auditory stimulus with respect to the background activity, event-related potentials (ERPs) study of brain connectivity is expected to be useful in understanding the normal aging [6] . For this reason, to evoke task-related oscillations, the auditory oddball paradigm was used. Both spectral power (single electrode) and omega-complexity (local areas) analyses performed with respect to the target stimulus. The auditory oddball task is frequently used in electrophysiological research, which is thought to reflect the "focused attention", "target recognition", "motor response", "working memory", and "decision making" [7] aspects of cognitive performance. ERPs provide a noninvasive electrophysiological measure of brain activity. The findings from past studies have indicated that healthy aging people revealed increased P300 amplitude and decreased P300 latency in responding to the auditory oddball task [8, 9] . However, these studies did not attempt to analyze task-related oscillatory activity. Therefore, this study uses task-related spectral power and omega-complexity to explore the changes of frequency bands and oscillatory changes in different brain areas in 15 younger participants and 15 healthy elderly participants when they performed the auditory oddball task. We hypothesize that brain oscillation is affected by age-related changes, which could be reflected in task-related spectral power and omega-complexity. To our knowledge, this study represents the first study of brain oscillation in participants with age-related changes using the analysis of task-related spectral power and omega-complexity.
MATERIALS AND METHODS

Participants
This study consisted of 30 participants divided into 2 groups: one consisting of 15 young people (mean age = 23.7 ± 2.8 years; mean years of education = 16.5 ± 2.4; 10 men and 5 women), another of 15 elderly people (70.1 ± 7.9 years; mean MMSE score 29.2 ± 0.7; mean years of education = 10.6 ± 3.5; 10 men and 5 women), with no participants in either group reporting a history of neurologic or psychiatric disease. The protocol of this study was approved by the medical ethics committee of National Kaohsiung Normal University. Written informed consent was obtained from all participants before the experiment. Elderly was evaluated based on the Mini-Mental State Examination [10] .
Procedure and EEG Recording
Stimulus presentation was generated by Neuroscan Stim 3.3 Software. Participants were asked to distinguish a target stimulus (1000 Hz) from a standard stimulus (2000 Hz), both with sound pressure levels of 85 dB presented randomly. The probability of each sound category was 80% for the standard auditory stimulus and 20% for the target stimulus. Both stimuli were pure tones with 20 ms duration, including 10 ms of rise and fall times. The participants were instructed to sit in front of a computer in a soundproof room and listen for sounds emitted by the computer speakers. The participants needed to press a button as soon as they heard a target stimulus, but not a standard stimulus. The participants participated in this experiment for 5 min and listened to 150 stimuli (30 target tones and 120 standard tones) at 2 s intervals between each sounding.
The EEG was amplified by the SynAmps/SCAN 4.4 hardware and software (NeuroScan, Inc., Herndon, VA), using the commercial electro-cap (Electro-Cap International, Eaton, OH) with electrodes placed at 30 scalp locations (FP1, FP2, F7, F8, F3, F4, FZ, FT7, FC3, FCZ, FC4, FT8, T3, C3, CZ, C4, T4, TP7, CP3, CPZ, CP4, TP8, PZ, P3, P4, T5, T6, O1, OZ, O2) based on the 10 -20 system. The reference electrodes were placed in the earlobes. The electrode impedance was maintained below 5 kΩ. The signal was analog filtered and analogto-digital (A/D) converted with a sampling rate of 1000 Hz. Mean reaction time and correct response rate were measured. The signal was filtered (FIR, notch-filtered at 60 Hz, 0.1 -30 Hz, 6 dB/octave, and zero phase shift) with an epoch length of 200 ms before and 1800 ms after stimulus, which included a 200-ms pre-stimulus baseline. Data from single-trial epochs exhibiting excessive movement artifacts (>90 μV) were rejected.
Data Analysis
Omega-complexity measure is global method that can analyze signals from all EEG channels simultaneously, while coherence measure is local method that links between pairs of signals [11] . Therefore, omega-complexity measure is applicable to processes that produce EEG signals distributed over the entire scalp. The omegacomplexity quantifies the brain electric field information obtained about the synchronization over the entire scalp [12] . Omega-complexity varies from 1 for a one-dimensional distribution (maximal synchronization) to the number of channels for identically distributed white noise. Thus, greater omega-complexity is indicative of less synchronization or the presence of a poor performance on oddball tasks. In other word, the strength of spatial synchronization decreases with increase of omegacomplexity. Over the past decade of research, this approach has been applied successfully in sleep research [13] , sensorimotor control [14] , manic-depressive [15] , cognitive processes [16] , mild Alzheimer's disease [17] , epilepsy [18] and age-related features [1] , etc.
Auditory single-sweep potentials were digitally filtered in the 6 frequency bands during target tone processing, and were then analyzed for the anterior, central, and posterior areas. The data were analyzed using EE-GLAB version 9.0 [19] under Matlab 7. The statistical data were tested by one-way or two-way analysis of variance (ANOVA) using SPSS 12.0. A p-value of .05 was considered significant.
Frequency analysis was performed in the delta, theta (4 -7 Hz), alpha-1, alpha-2, beta-1, and beta-2 frequency bands (Figure 1) . Mean values were calculated in relative spectral power and omega-complexity, and analyses were computed for the 2 groups averaged in the anterior (FP1,  FP2, F7, F3, FZ, F4, F8), central (FC3, FCZ, FC4, C3,  CZ, C4, CP3, CPZ, CP4), and posterior (P3, PZ, P4, T6,  O1 , OZ, O2) regions. There are two main reasons why the data were analyzed from anterior, central and posterior areas in our research. First, prior studies provided clear evidence that the age-related increase in bilateral frontal activity during cognitive tasks is associated with compensatory processes [20] [21] [22] [23] . Second, age-related changes in auditory event-related potentials, the N1 and P3 peak amplitude in response to the target stimulus was maximal at the central and parietal regions [24] . 
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The reaction times and response accuracies to target stimuli in an auditory oddball task were 368 ± 50 ms and 97.7% ± 6.8% for the younger group, and 404 ± 60 ms and 96.5% ± 5.6% for the healthy elderly group. As Figure 1 shows, we found the parietal peak amplitudes and peak latency of the young group (P300 amplitude: 10.2 ± 3.1 μV; P300 latency: 351 ± 25 ms) to be higher and shorter than the elderly group (P300 amplitude: 7.2 ± 2.9 μV; P300 latency: 369 ± 35 ms).
The spectral power values were analyzed to explore the changes of brain oscillation between groups responding to the target stimuli in the various bands. No difference was found between groups in the power [age main effect, F ( For omega-complexity analysis, elderly participants demonstrated substantially higher complexity than the young groups [age main effect, F(1, 28) = 18.379, p < 0.01]. The omega-complexity was higher in the posterior than in the anterior areas, and in the anterior than in the central area [area main effect, F(2, 28) = 73.717, p < 0.01]. As Figure 3(a) shows, an age group × area interaction analysis [F(2, 56) = 2.362, p = 0.095] demonstrated that omega-complexity significantly increased in the elderly group than in the young group in the anterior (p < 0.001) and posterior (p < 0.001) brain areas. The age group × frequency interaction analysis [F(5, 140) = 1.452, p = 0.204] (Figure 3(b) showed that the omegacomplexity value significantly increased in the elderly group than in the young group in the alpha-2 (p < 0.001), beta-1 (p = 0.047) and beta-2 (p < 0.033) frequency bands.
DISCUSSION
This study found clear differences in power and complexity values in various frequency bands and brain areas between groups through task-related spectral power and omega-complexity. The findings indicating a difference of power in delta, alpha-1 and alpha-2 bands, which is in line with previous research [25, 26] .
Previous study has indicated that aging produces specific changes in the frequency content of the spontaneous EEG. More specifically, an increase in low-frequency power activities has been described [26] . In our study, the healthy elderly group was found by spectral power to have increased power in the delta band compared to young group. The delta response is likely related to signal detection and decision making [7] and the anterior cortical activity is related to target recognition and sustained activity [27] . The results are interpreted that elderly participants may need increased brain activity to respond to target recognition and sustained activity than younger people [6] . The previous studies imply that the decrease of EEG alpha power during aging corresponds to power variation in the functional involvement, such as visual performance [28] , spatial working memory task [29] . In this study, there was a prominent effect of aging on posterior alpha (7 -13 Hz) oscillations whose power was significantly lower in elderly subjects. The finding is interpreted that elderly participants in aging-related decline may be affected by the slowing information processing over the anterior scalp to respond to target recognition and sustained activity.
In a previous study suggests that mobile phone affect inter-hemispheric synchronization of the EEG alpha rhythms as a function of the physiological aging [30] . Indeed, it is likely that age-related decline in context processing has been associated with decreased synchronization [2] . Compared to young participants, the healthy elderly participants were found by omega-complexity values to have increased values in the anterior and posterior area, and have shown an increased omega-complexity in the alpha-2, beta-1, and beta-2 bands. Based on the functional connectivity hypothesis [31] , the results might reflect that the functional synchronization of young people is more strongly than in healthy elderly people, particularly in the anterior and posterior areas. It is thus not surprising that the synchronous activation induced by perceptual uncertainty and difficulty in decision making, elderly people produce a weakly synchronized frontal alpha oscillation [32] .
This study was subject to a limitation. The analysis did not include older participants who displayed poor performance. Such a design allowed us to investigate agerelated changes in cognitive activity to differentiate between good and poor memory task performers. This limitation affects the generalizability of our findings.
CONCLUSION
This study has clearly demonstrated that task-related spectral power and omega-complexity were affected by aging. Although this study used relatively simple tasks, differences in the auditory task were detected reliably between the age-related groups. Further study using a larger sample size and a greater variety of sampling is needed to investigate the changes of task-related oscillations in the future.
